Background: Nursing home residents with advanced dementia commonly experience burdensome and costly interventions (eg, hospitalization) of questionable clinical benefit. To facilitate costeffectiveness analyses of these interventions, utility-based measures are needed in order to estimate quality-adjusted outcomes.
A dvanced dementia is the sixth leading cause of death among Americans, yet often underrecognized as a terminal illness. 1 Prior research suggests that patients dying with advanced dementia do not receive optimal end-of-life care. [2] [3] [4] Most notably, these patients commonly undergo costly and burdensome interventions that are of questionable clinical benefit near the end of life (eg, tube feeding, hospitalizations). 5 One challenge to designing health care policies that align evidence and patient preferences is the lack of rigorous research quantifying the cost effectiveness of treatment options in this condition.
Health-related quality of life (HRQOL) is an important aspect of evaluating the effectiveness of health care services. Cost-effectiveness analysis compares incremental changes in outcomes relative to costs and generally requires an estimation of quality-adjusted survival. In turn, quality adjustment requires utility-based quality of life measurements, which are not routinely collected in clinical studies. Many studies ascertain health status measures that reflect the patient's well being in multiple domains but do not assess relative preferences for a particular state. 6 Mapping health status measures to utility-based measures is used to estimate quality-adjusted outcomes. [7] [8] [9] Advanced dementia is characterized by profound memory deficits (cannot recognize family members), verbal ability limited to 5 words or less, inability to ambulate, and incontinence. 10 Assessing health status and quality of life in these patients, who are incapable of self-report, relies on the perceptions of their caregivers. Three generic utility-based measures have been used to evaluate HRQOL in dementia: Health Utilities Index, Quality of Wellbeing Scale, and the EuroQol EQ-5D. 11 Although none of these instruments has been applied specifically to advanced dementia, one study reported that Health Utilities Index Mark 2 (HUI2) was able to measure health utilities in Alzheimer disease patients at varying stages of the disease. 12 Another study mapped items in the Minimum Data Set to HUI2 to create a quality-based outcome measure for nursing home (NH) residents. 13 The recently completed Choices, Attitudes, Strategies, and Care for of Advanced Dementia at the End-of-Life The highest score on any of the emotional items from the SM-EOLD (depression, fear, anxiety, or agitation) and lowest score from the CAD-EOLD items (fear or anxiety) was mapped to the highest HUI2 level. 8 The highest score on the pain item from the SM-EOLD and CAD-EOLD was mapped to the highest HUI2 level. z A sensitivity analysis was conducted assigning all residents to Health Utilities Index level 4 in sensation domain. Overall mean utility scores were reduced by 0.07, but the results of the 3 validity tests were unchanged. # Fertility is not a factor for this population; therefore, quality of life is not reduced due to an inability to have children. 
METHODS

Study Population
The study included participants in the CASCADE study, 16 a National Institutes of Health-funded prospective cohort study conducted between 2003 and 2009 that described the experience of NH residents with advanced dementia. The detailed methods of this study are provided elsewhere. 5, 16 Residents were recruited from 22 NHs with > 60 beds and within 60 miles of Boston. Eligibility criteria included (1) age over 60 years; (2) dementia (any type, determined from medical record); (3) Global Deterioration Scale score of 7 (ascertained by nurse interview); 10 and (4) available, Englishspeaking proxies to provide informed consent. A Global Deterioration Scale score of 7 is characterized by profound memory deficits (unable to recognize family), limited verbal communication (< 5 words), incontinence, and inability to ambulate. The Institutional Review Board of Hebrew SeniorLife Institute for Aging Research, Boston, approved the study's conduct.
Health Status Measures
Data were derived from resident assessments conducted at baseline and quarterly for up to 18 months through chart reviews and nurse interviews. If a resident died, a chart review and a nurse interview were conducted within 14 days of death.
Two validated health status measures designed specifically for advanced dementia were collected from interviews with nurses providing direct care for the residents: the SM-EOLD and the CAD-EOLD (online appendix, Supplemental Digital Content 1, http://links.lww.com/MLR/A268). 14 SM-EOLD, a 9-item symptom scale ascertained at baseline and quarterly, quantifies the frequency residents experienced symptoms over the prior 30 days: 1 = never, 2 = once a month, 3 = several days a month, 4 = once a week, 5 = several days a week, and 6 = daily. Five SM-EOLD items were used to map to the HUI2: depression, fear, anxiety, agitation, and pain. CAD-EOLD, a 14-item symptom scale ascertained by nurse interview within 14 days of the death of a resident (N = 177), rates the frequency residents experienced symptoms during the last week of life: 1 = not at all, 2 = somewhat, and 3 = a lot. Three CAD-EOLD items were used to map to the HUI2: fear, anxiety, and pain. SM-EOLD was used in all assessment periods where the resident was living at the end of the period; CAD-EOLD was used for the last assessment period if the resident died.
Mapping the Health Status to the HUI2
The HUI2 scale includes 7 domains: emotion, pain, sensation, mobility, cognition, self-care, and fertility. The description of the HUI2 scores, the associated utility value, and mapping to the resident health status data from CAS-CADE measures are shown in Table 1 . 17 In the emotion domain, the mapping used the highest score of 4 SM-EOLD items: depression, fear, anxiety, and agitation. The most severe level is used, because the HUI2 status descriptions for the emotion domain (Table 1) are based on the presence of one of the 4 components (depression, fear, anxiety, or agitation). For death assessments, the lowest value recorded on either the fear or anxiety items on the CAD-EOLD (lower score is more severe) was mapped to the HUI2 emotion domain.
The pain item on the SM-EOLD (baseline and quarterly assessments) and the CAD-EOLD (death assessment) was mapped directly to the HUI2 pain levels.
Information regarding sight, hearing, and speaking abilities of the residents was not collected in the CASCADE study. However, CASCADE's eligibility criteria limited verbal ability to 5 words or less. Each resident was assigned to HUI2 sensation level 3 (sees, hears, or speaks with limitations even with equipment). A sensitivity analysis examined the effect of assigning each resident to HUI2 level 4 (blind, deaf, or mute).
All residents were bedbound with limited or no ability to walk. Therefore, in the mobility domain all residents were assigned HUI2 level 5 for all assessments. All residents had severe cognitive impairment and were assigned to HUI2 level 4 (unable to learn and remember) for all assessments. Similarly, all residents were dependent on others for all activities of daily living; they were assigned HUI2 level 4 in the self-care domain (requires the help of another person to eat, bath, dress, or use the toilet.)
The quality of life of NH residents with or without advanced dementia does not in any way depend on fertility; as Torrance et al 17 recommend, all residents were assigned HUI2 level 1 for fertility.
Calculating the Utility Score
At each assessment, the resident's utility score was calculated based on a formula estimated by Torrance et al. 17 The scores in each HUI2 domain (Table 1) are multiplied together by a factor of 1.06. A total HUI2 is calculated by subtracting 0.06. Thus, a perfectly healthy individual would have the best possible total HUI2 score of 1.00: 1:00Â1:00Â1:00Â1:00Â1:00Â1:00Â1:00 ð Þ Â 1:06 ½ À0:06¼1:00:
A score of 0.00 is anchored to death. The lowest possible score of À 0.025: is interpreted as worse than death. The mean, standard deviation, and ranges for the resultant utility scores from all assessments were calculated. Validity of the mapped HUI2 scores was assessed using 3 comparisons of means: residents who received at least 1 burdensome intervention versus those who had received none, residents who had pneumonia versus those who did not, and residents who died after their last assessment period versus those who did not. Burdensome treatments, as previously described in the CASCADE study, 5 included parenteral hydration, intravenous antibiotics, percutaneous endoscopic gastrostomy tubes, and hospital transfers. We hypothesized that residents who had burdensome interventions, pneumonia, and who died would have lower HUI2 FIGURE 2. Utility scores for nursing home residents with advanced dementia. The panels show distributions of Health Utilities Index 2 (HUI2) scores (possible range, -0.025 to 1.000; higher score indicates better quality) based on data collected at each quarterly follow-up and death assessment (N = 1383 assessments). Panel A: the mean utility score for assessments where residents had received at least 1 burdensome intervention (N = 282) was 0.152 ± 0.067 (SD) compared with 0.171 ± 0.056 (SD) for assessments when the resident did not receive a burdensome intervention (N = 1101); the difference between the group means, after adjusting for correlation within residents, was 0.016 (P = 0.0003). Panel B: the mean utility score for assessments where residents had at least 1 occurrence of pneumonia (N = 195) was 0.147 ± 0.066 (SD) compared with 0.170 ± 0.057 (SD) for assessments when the resident did not have pneumonia (N = 1188); the difference between the group means, after adjusting for correlation within residents was 0.014 (P = 0.003). Panel C: the mean utility score for the last assessment where residents died (N = 177) was 0.163 ± 0.057 (SD) compared with 0.180 ± 0.055 (SD) for the last assessment for residents who did not die (N = 142); the difference between the group means was 0.017 (P = 0.006). 
RESULTS
Study Population
There were 323 NH residents with advanced dementia in the CASCADE study. Four residents were excluded from this report due to incomplete follow-up. The remaining 319 residents contributed a total of 1702 assessments (baseline, n = 319; quarterly, n = 1206; and death, n = 177). Their mean age was 85.4 years; 86.2% were female, 89.3% were white, and 177 residents (55.5%) died.
Utility Scores
The mean (SD) utility score based on all assessment periods was 0.165 ± 0.060, ranging from -0.005 to 0.215. On average, 0.3% of a resident's time was at a utility level < 0, 15.2% was between 0 and 0.10, 42.6% was between 0.10 and 0.20, and the remaining 41.9% was between 0.20 and the maximum 0.215 (Fig. 1 ). Significantly lower mean utility scores were found among residents who received burdensome interventions (0.152 ± 0.067 vs. 0.171 ± 0.056; P = 0.0003), had pneumonia (0.147 ± 0.066 vs. 0.170 ± 0.057; p value = 0.003), and were dying (0.163 ± 0.057 vs. 0.180 ± 0.055; P = 0.006), compared with residents without those characteristics (Fig. 2) .
DISCUSSION
Using the rich CASCADE dataset, this study demonstrates the feasibility of mapping health status measures collected from NH residents with advanced dementia to a widely accepted utility-based measure, the HUI2. Although all residents had very advanced disability, the derived HUI2 scores were sensitive to variability in the residents' clinical course (eg, burdensome interventions, pneumonia, and dying state). This finding supports the validity of our approach, and it also suggests that even at the very advanced stages of dementia, HRQOL is a measurable and potentially an important aspect of evaluating the effectiveness of health care services.
In our cohort, the HUI2 scores ranged from -0.005 to 0.215 with a mean of 0.165. As expected, these utility estimates indicate the very low values attributed to the health states of advanced dementia. Ten years spent in a health state with a utility of 0.10 is equivalent to 1 year in perfect health (utility of 1.0). Residents with advanced dementia in this study spent 15.5% of the observation time at a utility level of < 0.10. Although, no prior research directly examined HRQOL in advanced dementia, 1 study that mapped the Minimum Data Set to HUI2 scores, reported a mean HUI2 of 0.36 (range, 0.32-0.40) among a general NH population. 13 In another cross-sectional study, the HUI2 was administered to caregivers for patients at various dementia stages classified by the Clinical Dementia Rating scale. 12 The mean HUI2 scores reported for patients at the 2 most severe levels were 0.27 and 0.14, respectively.
There are several challenges to measuring HRQOL in advanced dementia. First, it is impossible to directly measure HRQOL from the patient perspective. Nonetheless, proxy report based on nurse observations as measured in the validated SM-EOLD and CAD-EOLD, although imperfect, is a reasonable approach. Second, the advanced stage of disability makes variability more difficult to discern. In fact, HUI2 variability in this study was limited to the emotion and pain domains, although that was adequate to detect differences based on burdensome interventions, pneumonia, and a dying state. Third, the HUI2 is a generic utility-based measure and may not be ideal for capturing variation in HRQOL in advanced dementia. It is particularly challenging to assign a generic utility-based score to patients that cannot directly express their health status. HRQOL measures designed specifically for this condition exist, 6, [18] [19] [20] although none is preference based and have limited applicability to cost-effectiveness analysis. Finally, there were limitations in the CASCADE data with respect to mapping, such as the lack of direct measurement of sensation. Future studies that collect health status measures (ie, SM-EOLD and CAD-EOLD) and utility-based measures (ie, HUI2) can be used to further validate the mapping approach used in this study.
In this era of health care reform and fiscal constraint, it is increasingly important to measure the cost effectiveness of different approaches to care, including among patients near the end of life. This report provides an important step toward developing the methodology needed to evaluate the cost effectiveness of treatment options for the growing number of Americans suffering with advanced dementia.
